Abstract: From 1988From to 2005 men who presented with penoscrotal elephantiasis underwent penile shaft degloving and reduction scrotoplasty, followed by transplantation of a split-thickness skin graft (STSG) to the penile shaft. The etiology of elephantiasis in these patients included self-injection of viscous fluid and postsurgical obstructive lymphedema. In the 6 most recent cases, negativepressure dressings were applied over the STSG to promote graft take, and STSG take rate was 100%. The results of our series corroborate those of a previous report, which showed circumferential negative-pressure dressings to be safe and efficacious in bolstering STSGs to the penile shaft. Furthermore, these results suggest that the use of negative-pressure dressings may improve graft take in this patient population.
A cquired male genital elephantiasis is most commonly associated with filariasis, a parasitic infection endemic in developing nations. 1 However, penoscrotal lymphedema is also sometimes seen in industrialized countries for a variety of reasons (Table 1) . Surgical management of the disorder typically involves excision of the affected tissue, followed by coverage of the penile shaft with a split-thickness skin graft (STSG). Scrotal reconstruction is sometimes necessary if primary reapproximation is not possible. 1, 2 Because adjacent tissue is often not grossly but microscopically involved, the postoperative course may be complicated by recurrence, wound breakdown, and STSG failure, requiring reoperation and prolonged convalescence. 3 Vacuum-assisted closure with negative-pressure dressings has been shown to promote wound healing and STSG take in a variety of clinical circumstances. 4 , 5 Weinfeld et al 6 recently described the use of these dressings in 4 patients to aid in bolstering STSGs to the penile shaft. We find the conclusions reached by these authors to be accurate and insightful. Here, we report our surgical approach to penoscrotal elephantiasis and discuss the potential benefits of utilizing negative-pressure dressings in reconstruction of the penile shaft.
MATERIALS AND METHODS

Patients
From 1988 to 2005, a total of 8 patients who presented with penoscrotal elephantiasis (Fig. 1 ) underwent penile shaft reduction and reduction scrotoplasty followed by transplantation of a STSG at Duke University Medical Center. The average patient age at the time of surgery was 42 years (range, 29 -54). Four patients were Caucasian, 3 were AfricanAmerican, and 1 was Hispanic. Average time from first onset of symptoms to operative intervention was 4 years (range, 1-20). Etiology of penoscrotal elephantiasis included self-injection of viscous fluid in 4 patients, obstructive lymphedema following resection of hidradenitis suppurativa in 2 patients, and obstructive lymphedema following panniculectomy in 1 patient. In 1 patient, the etiology remained unknown, but he denied any self-mutilative behavior (Table 1 ). All patients denied any recent foreign travel. Three patients had alcohol abuse problems, and 2 patients had psychiatric disorders for which they were receiving treatment. Similar comorbidities have been reported in previous series of patients with male genital elephantiasis. 7 All but 1 patient reported the inability to have sexual intercourse prior to the operative procedure. This patient, however, reported requiring oral intake of 50 mg sildenafil prior to such intercourse. The following surgical procedure was performed on all 8 patients. In the first 2 patients, a conventional bolster dressing was applied over the STSG. In the subsequent 6 patients, a negative-pressure dressing was applied, according to the technique described below.
Surgical Technique
After induction of general anesthesia, the patient was placed in the dorsal lithotomy position with the genitalia, perineum, and 1 thigh prepared and exposed in the operative field. A Foley catheter was inserted into the bladder to assist in urethral identification and to serve as an "internal splint" for the anticipated skin grafting to the penile shaft.
A circumferential incision was made approximately 5 mm proximal to the coronal sulcus and carried down through the edematous and inflammatory subcutaneous tissues to the level of Buck fascia. A longitudinal skin incision on the dorsal aspect of the penis was made to isolate the penile shaft. All involved skin and underlying tissue was excised to prevent edematous recurrence. Special care was taken to excise any excessive skin from the corona as such skin can result in a "pseudophimotic" appearance. A midline scrotal incision was then made along the median raphe to the point at the most dependent portion of the scrotum. The incision was carried down through the layers of the scrotum to the parietal layer of the tunica vaginalis. The tunica was incised, and the testicles and spermatic cords were completely dissected free from surrounding altered tissue and placed on the abdominal wall. Involved scrotal skin and subcutaneous tissues were removed laterally to margins that appeared grossly to be unaffected. After all affected skin was completely resected and remaining involved scrotal subcutaneous tissue was excised, hemostasis was achieved with electrocautery ( Fig. 2) . The operative field was copiously irrigated with antibiotic solution, and the testicles were returned to their anatomic positions. The prepubic skin and 
FIGURE 2.
Degloved penile shaft, incision at median raphe, exposed spermatic cord and testicles (note lateral tissue to be excised).
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scrotum were primarily reapproximated with interrupted resorbable sutures in a vertical mattress fashion (Fig. 3A) . After the scrotum was closed, a 0.012-inch STSG was harvested from the medial aspect of the right thigh using a dermatome. This graft was left unmeshed ("sheet" graft). Several slits were made in the STSG using a scalpel to allow drainage of serous fluid from the wound surface underneath the skin graft. The STSG was secured at the base of the penis and to the 5-mm collar of preputial skin at the corona with absorbable suture material in a continuous running technique. The seam of the graft was sewn in continuous running fashion along the dorsal aspect of the penis with sutures encompassing superficial fascial tissue to secure the graft (Fig. 3B) .
Placement of the Negative-Pressure Dressing
The penile shaft was then wrapped with Vaseline gauze. Sponges marketed for the vacuum-assisted closure system (VAC; Kinetic Concepts, Inc., San Antonio, TX) were cut circumferentially to the size of the penile shaft and were then cut longitudinally, reducing their thickness by half. These pieces of sponge were wrapped over the Vaseline gauze (Fig. 4A) . The surrounding skin was dried thoroughly and prepared with an adhesive. The sponge was then covered with a bio-occlusive dressing marketed as part of the VAC system to provide an airtight dressing for the STSG. Care was taken to seal the evacuation tube and the Foley catheter with the bio-occlusive dressing to avoid an air leak, which would prevent the VAC device from maintaining a proper suction (Fig. 4B) . The proximal end of the evacuation tube was connected to the VAC negative-pressure pump, and 75 mm Hg of continuous subatmospheric pressure was applied.
Postoperative Care
Patients remained on bed rest and a low-residue diet until the dressing was removed to minimize potential fecal contamination. On postoperative day 4 or 5, the negativepressure dressing (or the bolster dressing in the first 2 patients) was removed. The STSG to the shaft was subsequently managed with daily Vaseline gauze dressing changes. Prior to discharge, the Foley catheter was removed. Patients were instructed on wound care and discharged to home with instructions to avoid any sexual activity for at least 4 weeks.
RESULTS
Records were available for retrospective evaluation of all 8 patients. The average length of follow-up was 26 months (range, 3-160).
The mean length of the surgical procedure was 331 minutes (range, 267-425). All patients required an STSG to cover the shaft of the penis. All scrotal incisions after reduction scrotoplasty were closed primarily. In the first 2 patients, a compressive dressing bolstered over the STSG was applied. In the later 6 patients, a negative-pressure dressing was applied over the STSG as described above. There were no intraoperative complications. The average hospital stay was 5.5 days (range, 4 -8).
Skin separation occurred at the penile-scrotal junction in 2 patients in the negative-pressure dressing group. This was managed conservatively with wet-to-dry dressing changes. In the first patient (one of the ones in whom a conventional bolster dressing was applied), the STSG take was approximately 50%, requiring reoperation. This patient also developed a residual granuloma in the perineal region, which was excised at the time of reoperation. There was no evidence of STSG failure in the patients in whom negative-pressure dressings were used. Necrosis of the glans or penile shaft did not occur in any patients.
One patient reported subjective shortening of his penis. The remaining 7 patients were satisfied with the cosmetic results (Fig. 5) . One patient did initially report some difficulty maintaining an erection postoperatively, and this patient was treated successfully with sildenafil. The remaining 7 patients reported the ability to achieve and maintain an erection satisfactory for vaginal penetration postoperatively, with the one patient who had required sildenafil no longer requiring medication postoperatively. No patients reported problems with climaxing, ejaculation, or any other aspect of sexual function.
DISCUSSION
Urologists and plastic surgeons in the United States rarely encounter patients with acquired penoscrotal elephantiasis. However, there has been a recent increase in the presentation of patients with this challenging problem. 1, 8, 9 Contributing to this is the growing number of patients who have injected viscous substances into their penis and scrotum to enlarge their genitalia after learning of the technique from the Internet and other sources.
Regardless of the cause of penoscrotal elephantiasis, surgical management is frequently complicated by wound breakdown, STSG failure, and recurrent lymphedema. 3 Furthermore, obtaining a good cosmetic and functional result can be challenging. We use an unmeshed STSG to provide coverage for the penile shaft to avoid a "meshed" appearance. In this regard, we considered the penis to be a potentially exposed body area, similar to the hands and face in burn patients.
A Vaseline gauze dressing was placed between the STSG and the sponge to prevent the sponge from mechanically irritating the graft. 10 The sponge thickness was reduced in half to allow it to be easily wrapped around the shaft of the penis over the STSG while still having sufficient bulk to distribute the negative pressure evenly around the penis. Although there is a range of pressures the VAC device can generate, we have consistently used the standard 75 mm Hg of continuous subatmospheric pressure in the presented series. Although this pressure level has been validated in a previous study, 11 it may not reflect the actual pressure in this setting. 12 Although wide excision and subsequent STSG reconstruction with use of traditional bolster dressings can yield a satisfactory outcome, 13 a significant percentage of STSGs to the penile shaft fail and wound breakdown occurs, as was seen in one of our 2 early cases. Accordingly, we have modified our technique of penile reconstruction to include utilization of negative-pressure dressing.
Patients were generally quite satisfied with the cosmetic and functional results of the procedure, with the 2 minor exceptions mentioned. While this procedure is not intended to treat erectile dysfunction, it does seem to offer patients significant improvement in their sexual function. Likely explanations for this observed functional benefit include im- proved mechanical properties of the penis after removal of edematous tissue, decreased anxiety due to more normalappearing genitals, and increased partner satisfaction following the procedure. A patient questionnaire would be useful to measure these subjective outcomes more uniformly in future studies. Clinical trials have demonstrated the efficacy of the negative-pressure dressing in a number of clinical situations, but animal and clinical studies have only suggested its true mechanism of action. Blackburn et al 10 have contended that negative-pressure dressings promote increased STSG take "due to total immobilization of the graft, thereby limiting shear forces, elimination of fluid collections, bridging of the graft, and decreased bacterial contamination." We agree that these explanations stand to reason and argue that they are likely more valid for the bolstering of STSGs to the penis than almost any other body part due to the penis's highly deformable and complex contour.
CONCLUSIONS
Regardless of its etiology, penoscrotal elephantiasis is a challenging surgical problem that can be complicated by wound breakdown, STSG failure, and recurrence due to incomplete resection. We have demonstrated in this series that negative-pressure dressings can be used to promote STSG take to the penile shaft, with complete graft take and good cosmetic, as well as functional, results. This is a small series of clinical cases and therefore wields no statistical power. The fact that all 6 patients who were treated with negative-pressure dressings had complete graft take, however, shows that these dressings are at least as efficacious as traditional bolster dressings and suggests they may actually improve graft take. We are encouraged by these outcomes and intend to continue the use of this technique in this patient population. A larger, randomized, prospective study would offer more definitive evidence of the benefits of this technique.
